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The Indian  subcont inent  does n o t  f a l l  in t he  
groundwave r a n g e  of any LORAN-C transmission. 
As such, a t  present t h e  only  a l t e r n a t i v e  tech- 
n ique  in this r e g i o n  f o r  c o n v e n i e n t  and routine 
T & F intercomparison is via VLF phase measure- 
ments. At NPL, New D c l h i ,  c o n t i n u o u s  phase 
recording of the 15 k3z transmissions from 
GBR (UK) i s  b e i n g  made. I n  a d d i t i o n  t h e  pub- 
l i s h e d  midday p h a s e  data of GBR from sevcra l  
laboratories-NPL (UK) , ~ C . O ( U K ) ,  PTB (PiiG) and 
USNO (USA) - a r e  being rece ived  r e g u l a r l y .  In 
t h e  p r e s e n t  paper we discuss T & F i n t e r c o m -  
parisons between the local t i m e  s c a l e ,  UTC 
( Ind ia ) ,  a t  APL and those at the above  mentioned 
l a b o r a t o r i e s ,  u s i n g  t h e  VLF p h a s e  data. A major 
f a c t o r  which l imi t s  t h e  a c c u r a c y  of long  term 
comparison is t h e  seasonal variation in the VLF 
p r o p a g a t i ~ n  delay o v e r  l o n g  p a t h s .  I t  is shorn 
t h a t  by t a k i n g  i n t o  a c c o u n t  the seasonal  propa- 
g a t i o n  d e l a y  v a r i a t i o n s  in a s e m i e m p i r i c a l  way 
t h e  accuracy  of T & F comparisons can be 
cons ide r ab ly  improved. In f a c t  over a one yea r  
per iod  accuracy of few p a r t s  in 1014 in frequency 
and 1-2 (r sec i n  tine have  been obtained.  

The r e l a t i v e  f requency  o f f s e t  d i f f e r e n l e  between 
UZC ( India)  and UTC (PTB) e v a l u a t e d  i n  t h e  p r e s e n t  
work as (7.0 2 0.@10- 13 agrees  v e r y  we31 with 
t h a t  ob t a ined  v i a  t h e  s a t e l l i t e  experiment des- 
c r i b e d  in a companion pape r .  

IKTRODUCT I O N  

T h e  Nat ional  P h y s i c a l  Labor? t o r y  (NPL) , New Delh i ,  I n d i a  
has  t h e  s t a t u t o r y  ob l . lga t ion  of m i n t a i n i n g  t h e  I n d i a  



Standards  of t i m e  and Frequency, T h i s  is be ing  achieved 
a t  presen t  w i t h  t h e  he lp  of two commercial cesium clocks: 
NPL-1 (Osc i l loqua r t z  Yodel  3200) and NPLZ(IIew1ett  Pazkard 
Model 506lA w i t h  op t i on  004). A time scale, VFC (India), 
is being maintained us ing  t h e  NPL-1. One of major problems 
belng faced by us at RPL is that  of a r e g u l a r  time and 
frequency t r ans f e r  link between UTC (India) w l t h  those 
of t h e  o t h e r  i n t e rna t i ona l  t i m e k ~ e p i n g  l a b o r a t o r i e s .  The 
Indian  subcontinent does not f a l l  in t h e  groundwave range 
o f  any LOT3AN-C t ransmit ter  thus  p r o h i b i t i n g  the use of 
t h i s  technique.  

The f i rst  ser ious  a t  tempt I n  having an  a c c u r a t e  l i n k  was 
made in May-June, 1979, when a two way s a t e l l i t e  time 
t r ans fe r  experiment was pe r  formed be tween NPL and PTB, 
W e s t  Germany (Mathur e t  al, 2980 and referen3es there i n ) .  
W i t h  t h e  h e l p  of this experiment UTC ( India)  was synchroni- 
sed with UTC (PTB). From J u l y ,  1979 onwards we are 
continuously t r ack ing  t h e  p h a s e  of 15 kHz t r ansmis s ions  
from GBR (UK), The choice of t h i s  s t a t i o n  was d i c t a t ed  by 
the f a c t  that; (a) t h e  received s i g n a l  s t r e n g t h  a t  our 
l o c a t i o n  is very  good so t h a t  a precise  pnase t r ack ing  is 
possible and (b) there a re  several t imekeeping l abora to r ies  
which  t r a c k  t h i s  s t a t i o n  and p u b l i s h  t h e i r  da ta ,  We are 
r e g u l a r l y  r e c e i v i n g  t h e  GBR pnase data  from PTB (FRG) , 
USNO (USA),  NPL (UK) and RGO (UK). Utilizing the VLF da ta  
it has  been possible t o  establish a f a i r l y  p r e c i s e  link 
between IJTC ( Ind ia )  and UTC of t h e  abovemen t ioned 1aSora- 
t o r i e s  as w i l l  be d e s c r i b e d  in t h e  subsequent  sect ions.  

A conf i rmat ion  of t h e  al=::uracy of t h e  VLF links was made 
p o s s i b l e  with a p o r t a b l e  clock t r i p  f a n  USNO in September, 
1980, T h i s  is described b r i e f l y  in a separate s u b s e c t i o n .  

THE TECHNIQUE 

The V I P  time t r ans fe r  t e c h n i q u e  has been described by 
Becker e t  a1 (1969). This basically c o n s i s t s  of r ~ c o r d i n g  
t h e  time d i f fe renqe  between t h e  1 p p s  of t h e  10-1 time 
sca le  and some spec i f i ed  phase (gene ra l ly  t h e  p o s i t i v e  
zero cross ing)  of the  rece ived  VLF signal, appea r ing  j u s t  
subsequently. T h i s  measurement is referred to a s  t h e  
' p h a s e  time', or simply ' p h a s e '  o:" t h e  received s i g n a l  
r e l a t i v e  to t h e  l o - a 1  t i m e  scale, The r e c o r d i n g  is done 
a t  t h e  l o c a l  noon over t h e  p a t h  mid p o i n t  when VLI? propa-. 
g a t i o n  c o n d i t i o n s  are most s table .  S u b t r a c t i n g  the daily 
v a l u e s  of phase measurenents  recorded a t  two lalsoratories  



g i v e s  t h 5  d i f f e r e n c e  between t h s i r  time s c a l e s .  T h i s  
d i f f e r ~ n e e  i s  ambiguous t o  an  a d z i t l v e  cons t q r t  which  
i n - ~ o l v e s  the dit':'crence between t h e  p r a p n g a t i o n  d e l a y s  
over t h e  two p-l t h s .  '+J';iFle :his a r n b i z u i t y  is irllrvatr-rial 
f o r  f requency comparison h e t ~ r e e n  t h e  two t ime sca les  it h a s  
t o  be e l i m i n a t e d  i f  a t ime nomgnrison i s  d c s i r . e d . E l i m S n a t i o n  
of  t h e  a d d i t i v e  c o n s t a n t  can be ach ieved  bjr an i n i t i c l l  
m l i b r z t i o n  with . t h e  h e l p  of e i t h e r  a 2 n r t s b l e  c lock or two 
way sa L e l l i t e  experiment, 

A ma - fo r  fq c t o r  v h i  ch de;:sndes preeisinn -2nd ac x r a c y  of the 
Vu t i m e  t ~ ' 3 n s f e r  i s  t h e  non ~ : ~ n s t ? n c ; l  oLr t h e  g r n y a r z t i o n  
d e l a y .  %heAe i s  a lay to j a y  .jitter ir-i tile n r a a p P p o i i o n  
d e l a y  be -ause of t ~e n n r w  1 vzr i r c l  b i l  i t y  o r  Llie i ? r > s * ~ h c r i  c 
3- reg ion .  Piis is q r r e  p r r > n c  ~r! .ed J u r i r ; ~  ::iy t.sr t m n  
during sumyer ,  a s  will be sn7)wn iriLne next s e c t i c n  ( s e e  
a l s o  3elr~~e,l353). ' - ? ~ e  j i  tlcr e v i 3  . n t l ; i  r e - lucus  the  
p r e c i s i r n  of t k e  l i~k. 3u ?den ior>clspl:e~+ic Jis t ~ r b z ~ n c e s  
( S T D )  dxe to s o l a r  f l z r e s  m,ay oc!c?sF/ r-1?11.). cause nclth anom- 
alies, but t h e s e  g e n e r a l l y  last f o r  Shor t  d u r a t i o n s  and 
<:an be i s o l g t e d  by c y r e f u l  i n s ~ e : t i n r ,  nf t h e  d a t s  (i .edcr, 
19711 , 

rn. a d d i  t i ~ n ,  ovc r  lor:: p a t h s  5iie.l.e a re  a l s o  systematic 
sen s o w  l, varf: t i  o n s  i ~ i  ';he ' j i"~9' .  * -  . , -'- L i - r  ? e l - y  7r i ; i :  can 
some times be a s  I.r.7.e as 15 s c c  (Tiiian e t  al, 195s; 
S1fg.rs3n E Kuge2,  1972). rf tl?c:se ?.re r-t tr.::en i n t o  
a ccoun t  t h e n  t h e y  m y  i r t ; . o  it1 :e s i g n i f i c a n t  i n a c c u r a c y  i n  
t h e  time and r"requency corl:)arisor?s. .?he seasova l  v a r i a t i q n  
i n  t ! ~ e  propri:;atior! ; ie lay ?,;c!lrs nai.r?l.jt ,lue t o  v s r i a t  i o n s  
i n  t h e  J - r ee ion  ionization. 17liis *:onsists of two p a r t s ,  
namely (a) season2.L v a r i a t i c n  of t h e  S o l a r  Zen i th  a n c l e  
at tile mid p a t h  nocm and (b)  v a r i s t i o ~ s  iv t h e  a e s ~ s n h ~ r i c  
neu t r l a l  a t m o s p h e r i c  c o n s t i t u e r !  :s, vili :;h a r e  t o  some e x t e n t  
r e l a t e d  t o  meteoroboci- .al  phenvmena (?e l rose  19631. Of ,the 
a.bove, only ';he f i r s t  p a r t  , (a ) ,can  be modeled w i t h  d e f i n i t e -  
n e s s .  I t  h a s  been shown b y  Swanson & Kugel (1972)  t o  be  
of t h e  rorm M(L-cosxl ) ,  where, 1;osXis t h e  average of t h e  
c o s i n e  of t h e  s o l s r  z e n i t h  argle X D ~ J = ? '  the nath  a t  t h e  
midda,y. 1.1 is an empir ica l  c m s t e n t  d c ~ e n d e r z t  on t he  
p r o p a g z t i o n  p a t h  and t o  some ex ten t  on t h e  s o l e r  a , : t i v i ty .  

THE DATA 

(a) KPL ( Ind i a ]  data : :ile midday  phase obse rhva t ions  of  
t h e  15 kHz GXi s i g r a l  l lela t i v e  t o  UL"C(1ndial I-ec9rded d a i l y  
between 03-30 t o  09-30 U?: a l * ~  s h o r n  i n  -< ' i g . l ( a )  for t h e  



p e r i o d  1 0 t h  J u l y ,  1979 t o  10th J u l y ,  1990. Twice d u r i n g  
t h e  ope year  time t h e  WPGl underwent discontinuities in 
opera t ion  f o r  s h o r t  per iods .  Once d u r i n g  23-25 August,  
1979 and a g a i n  d u r i n g  30 August - 7 September,lSRO. In 
b o t h  cases i t  was p o s s i b l e  t o  r e s t z r t  UTC ( ~ n d i a )  by syn- 
chronizing NPL-1 w i t h  NPL-2 and g i v i n g  su i tab le  time cor- 
r e c t i o n s  (of 1.3 and 5.5 psec respectively). The time 
cor rec t ions  were determined from t h e  intercornparison da t a  
between these t w o  c locks  which was taken periodically 
throughout.  

We observe t h e  following features  i n  S i g . l ( a ) .  The day to 
day v a r i a b i l i t y  is much smaller in summer than in winte r ,  
The rms j i t t e r  in summer is l e ss  than 1 psec whlle i n  
wirlter F t  i s  a b o u t  2.5 psec, There is a g r a d u a l  d r i f t  in 
t h e  p h a s e  da ta  arising due  t o  a r e l a t i v e  frequency offset 
between TTC ( India)  and t h e  t r amsmi t t ed  frequency of GBR. 
This d r i f t  is modulated by a seasonal va r i a t i on  in t h e  
p r o p a g a t i o n  delay. As mentioned in t h e  ea r l i e r  s e c t i o n ,  
t h e  S o l a r  - Zenith angle related seasonal variation of the 
form M (1-cosx can be modelled and eliminated.  To deter- 
mine  coSX we follow X i  j i m a  e t  a1 (1965). 'Je d i v i d e  the 
propagat ion  p a t h  (6700h) into 10 equal segments and deter- 
mine cosX a t  t h e  tn ldpoint  of each, The  average of these 
v a l u e s  g i v e s  cmsii, over t h e  path.  To determine the  value 
of M we take h e l p  of the observed diurnal variation of 
phase delay, It has  been shown by Swanson and Kugel  (1972) 
t h a t  around midpath  noon, the temporal v a r i a t i o n  of phase 
delay is a l s o  of t h e  form M (1-cosx F. Ve t h u s  make 
comparisons between t h e  t empora l  v a r i a t i o n  of  the observed 
phase  delay and t h a t  of t h e  calculated f ac to r  M (1-cosX 1 
by va ry ing  M, The value of M which gives best agreement 
between t h e  forms of t h e  two var ia t ions  is selected. 
Utilising t h e  whole years  data  t h e  best v a l u e  of M=12.5+1 
was obtained, In F i g s . 2  and 3 we have shown as i l lus tra-  
t i o n s  the observeddLurna1 phase for groups of 15 days In 
A p r i l  and June and t h e  ca lcula ted  M(LcosX The good 
agreement between t h e  two is evident, Adopting the  above 
v a l u e  of M the calculated seasonal v a r i a t i o n  of ~ ( 1 - c o s F  ) 
at t h e  midpath noon for the full year is shown in Fig.l(b). 
T h i s  shows an annual variation with a summer t o  w i n t e r  
phase retardation of 7 M s e c ,  On sub t r a  c t i n g  o u t  t h i s  
seasonal variation from t h e  observed data in F i g . l ( a )  we 
g e t  the resultant variations a s  shown i n  Fig,4(a) ,  The 
p h a s e  d r i f t  now appears more r e g u l a r  b u t  the re  s t i l l  p e r -  
sist  some s h o r t  perlod v a r i a t i o n s  d u r i n g  the period 
September ,1979 t o  February, 1980 w i t h  peak amplitudes of 
2-3 psec. 



(b) PTB data: The midday  phase observat iar ls  of GBH r e l a t i v e  
to UTC(PTB) i s  shown i n  P ig .4 (b ) .  T h i s  p a t h  i s  o n l y  790 km 
l o n g  and t h e  s o l a r  z e n i t h  a n g l e  r e l a t e d  seasona l  v a r i a t i o n  
i n  t h e  pnase d e l a y  i s  n o t  expected t o  be s i g n i f i c a n t .  It is 
n o t  apna ren t  in t h e  data a lso ,  During t h e  p e r i o d  frm 
Sep temberl79 t o  Febrl1aryt SO, the  n a t u r e  of v a r i a t i o n s  i n  t h e  
PTB d a t a  a r e  very much similar t o  hfPL ( I n d i a )  data in P i g . 4  
(a). It i s  no tab le  in t h i s  connec t i cn  t h a t  GRE-PTB p a t h  is 
alrnost o v e r l a p p i n g  w i t h  1/8 of t h e  GBR-NPX, ( Ind ia )  p a t h ,  T h i s  
i n d i c a t e s  t h e  p o s s i b i l i t y  t h a t  t h e  s h o r t e r  p e r i o d  v a r i a t i o n s  
men t i cned  ahove are  a r i s i n g  from this p o r t i o n  of t h e  pa th .  

( c )  RGO data: The m i d d a y  p h a s e  v a r i a t i o n  n f  Gm r e l a t i v e  
t o  TJTC (RGO) ir :  shown in Fig .4 (c ) .  I n  t h i s  case also t h e  
p a t h  l e n g t h  be ing  very s h o r t  (180km) seasonal v a r i a t i o n s  
are almost absent ,  

( d )  USNO data : The mid3ay phasf variat iclrs  of  GBR P e l a t i v e  
t o  U?C (USflO) a r e  shown i n  k7igm5(a).  T h e  p r o p a g a t i o n  p a t h  
in t h i s  case is l o n g  (5800 km) and so t h e  s o l a r  z e n i t h  ahgle 
r e l a t e d  seasonal v a r i a t i o n  is s i g n i f i c a n t .  A s  we do n o t  have 
t h e  d i u r n a l  pnase v a r i a t i o n  f o r  t h i s  s t a t i o n  i t  i s  no t  
p o s s i b l e  t o  determine M as was done e a r l i e r  for NPX, data.In 
absence  of a n y t h i n g  be t t e r  we have j u s t  adop ted  t h e  same 
v a l u e  of Mz12.5 and c a l c u l a t e d  t h e  v a r i a t i o n  of midday v a l u e s  
of Y ( L = ) .  T h i s  is shown in F i g  5 (b) .  bub t r ac t i ng  
v a r i a t i o n s  i n  F i g  S ( b )  from tilose i n  F i g  5(a) we g e t  t h e  
r e s u l t a n t  as shown i n  3'ig 514) . In t h i s  case a l so  d u r i n g  
September 1979 t o  17 bsuar -y  1910, we o b s e r v e  anomalous va r i a -  
tions of s imilar  na tu re  as  in PTB and NPL ( Ind ia )  data, Bu t  
t h e se  v a r i a t i o n s  a re  of l a rge r  magnitude ( -12 psec  peak 
to peak) 

( 8 )  NPL (UK) data : The mid-lay p h a s e  o b s c r v a t i m  of CBX 
r e l a t i v e  t o  UTC (BPL,uK) showed occasional jumps of 5 , 1 0  
and 15 psec over t h e  whole y e z r .  These were lnost  p r o b a b l y  
d u e  t o  some equipment  malfunction. Thus  t h e  d a t a  from t h i s  
s t a t i o n  have n o t  been used. 

RESULTS AF?D DISCUSSION 

For in tercomparison between U?.? ( Ind i a )  and R C  of  t h e  
o t h e r  l a b o r ? t o r i e s ,  t h e  i p d i v i d u a l  shase CIE ta ir! P i g s  4 ( b ) ,  
4 ( c )  and 5 ( c )  h v e  t o  be s u b t r a c t e d  from 5 ' ig  4 (a ) .  In 
Sig 6 we have  shr5wn : (a) LTYC (India)-UTC (PTB) ,  (b) UTC 
( Ind ia ) - .  T J T Z ( L t ~ ~ )  and (c)  U T C  (Indial-UTC(USP0). It is 
c l e a r  t h a t  of t h e  t h r e e  l i ~ k s  t h e  one w i t h  PTB has the  



minimum j i t t e r  and anomalies due t o  propaga t ion  vsriations. 
In P i g . 6  we have drawn regression 111.e~ t h r o u g h  t h e  p o i n t s  
w h i c h  represent t h e  ove ra l l  d r i r t   ate^. The s lope  of 
these s t m i g h t  l i n e s  g i v e  t h e  r e l a t i v e  f'requency offset , S ,  
b e  tween UT': ( Ind ia l  and t h e  o t h e r  UTC scales. Fol lowing 
results  a r e  obtained.  

T h e  value of S ~ n d i a , ~ ~ ~  ob ta ined  above is in f a i r l y  good 
agreement w i t h  a value of (7.1 -+ 0.5) x 10-13 obtained v i a  
t h e  s a t e l l i t e  experiment (Mathur e t  al, 1980) d u r i n g  May- 
J u n e ,  1979. ? h i s  i n d i c a t e s  that t h e  UTC (India) has been 
ma in t a in ing  a f a i r l y  constant rate.  The  re la t ive  o f f s e t  
w i t h  the o the r  two l a b o r a t o r i e s  are a l so  consistent (within 
t h e  u n z c r t a i n i t i e s )  w i t h  LO!iAN-C links connecting t h e s e .  
LOL~AN-C l i n k  results have been calculated as fo l lows  t 

To g e t  an idea of t h e  p r e c i s i o n  of the  frequency t rans fe r  
est imates we have aade some computations of t h e  variance,  
c y ,  on t h e  India-PTB link which is the b e s t  of t h e  three 

l i n k s .  'de g e t  t h e  following values  : 

&y ( r = 1 day ) = 2 x l0-l1 

dy ( 2: = 30 days) = 2 x 10-13 

The @ y  est imate on t h e  o t h e r  two l i v k s  are  some what 
h i g h e r  than t h e  above, 

The  graphs in P l g . 6  have not been g i v e n  in absolute  terms 
l e e y ,  the origins of t h e  g r a g h s  are not shown. Abso lute  
ca l lb r a t i ons  is necessary for actual  time t r ans fe r  between 
UTC (India) and o t h e r  UTC scales.  As mentioned earlier 
t h i s  was performed by t h e  s a t e l l i t e  experiment in May-June, 
1979. A s  a r e s u l t  of this experiment it was found t h a t  



on 29 Junet79 U X  (1ndia)-UTc(PT~) = (2.7 2 0.1) psec.  The 
VLF o b s e r v a t i o n s  were s t a r t e d  on 10 J u l y  onwards (as t h e  
GW transmission was o f f  for a month be fo re  this). Thus  in 
Pig 6(a) we assign a w l u e  of 2.7 p s e c  to t h e  o r d i n a t e  
where t h e  regression l i n e  crosses t h e  abscissa on 29 June1 
79, Since the d i f f e r e n c e  between UTC (PTB) and UTC (RGO) 
Bnd UTC(USN0) are. known from t h e  LOHAN-C links it is 
p o s s i b l e  t o  c a l i b r a t e  t h e  o t h e r  two g r a p h s  also,  

PCI:(TABLE CLOCK TRIP 

A p o r t a b l e  c lock t r i p  from t h e  USNO was made during 18-21, 
September,l98OO This made it p o s s i b l e  t o  evaluate  t h e  
accu racy  of t h e  time t r a n s f e r  accuracy of t h e  VW l ink .  In 
f i g ,  7 we have shown t h e  r e s u l t s  of on ly  one l i n k  UTC(1ndia)- 
UTC(PTB) ex  tended u p t o  the end of September1900 There are 
two c rosses  in F i g .  7 on 29  J u n e  ' 7 9  r e p r e s e n t i n g  the sa t e l -  
lite exper iment  t i m e  t r a n s f e r  and o n  20 September '80 
r e p r e s e n t i n g  t h e  p o r t a b l e  clock result, The discrepancy 
between re su l t s  of t h e  p o r t a b l e  clock a n d  t h e  regression 
l i n e  p r e d i c t e d  by t h e  VLF data is only 1.5 psec which is 
q u i t e  small. 

I n  this p a p e r  we have d i s c u s s e d  a VLF time and frequency 
in te rcanpar i son  link between UPC (India) and UTC of PTB, 
R G O  and USNO. It is c lea r  t h a t  t h e  India-PTB l i n k  is t h e  
b e s t  of t h e  three, It has been shrwn !;kit by t a k l n g  due  
a c c o u n t  of t h e  seasonal v a r i a t i o n s  over l o n g  paths it i s  
p o s s i b l e  tolachieve f requency  i n t e r  comparison t o  a few 
p a r t s  in LO over one year  pe r iod .  Time t ransfer  can be 
ach ieved  t o  an  accuracy of 1-2 psec. 

de r e a l i s e ,  however, t h a t  t h i s  accuracy  l e v e l  is s t i l l  n o t  
a c c e p t a b l e  t o  BET for. i n c l l ~ s i o n  ol" UTC ( I n d i a )  i n  t h e  
i n t e r n a t i o n a l  U?C coord ina tad  by them. In f a c t  a s i m i l a r  
problem mus t  be faced by many other  -*emote tirnek13eping 
l a b o r a t o r i e s  which a r e  n o t  zovered by LOl'iAX-C grounJwaves 
or r egu l a r  p o r t a b l e  clock t r i p s .  

OUT f u t u r e  p lans  in improving o u r  links w i t h  the  i n t e r -  
n a t i o n a l  time keeping ~ o r n + ~ u n i t y  a r e  t (a) r e c e p t i o n  o f  more 
*(iU s t a t i o n s  p o s s i b l y  CMEGA(TAPAY,Liberia, La aeunion) , 
(b) having  r e g u l a r  p o r t a b l e  clock trips,(c) u s i n g  t h e  ?:A'S3 
satellite s i g n a l s  and (d) u s i n g  some g e o s t a t i m a r y  satellite 
links on a r e g u l a r  basis. 
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i 7 ' ( n  T ( 3 .  Tlze ' i l~o crosses 
sllcwrl- on 29 Tunef 79 ~ , e p : < e s e n t s  t h e  s a t e l l . i t e  
time t rnnsfer  and on 20 S e y t f 3 0  r e p r e s e n t s  
t h e  pox t a b l e  c lock check. 


